This randomised double-blind study compares the onset, quality and duration of analgesia in two groups of children (n = 30), aged between two and twelve years undergoing circumcision. Under concurrent general anaesthesia, the children received caudal anaesthesia employing either lignocaine 2% with adrenaline 1:200,000 plus normal saline 0.01 mllkg, or lignocaine 2% with adrenaline 1:200,000 plus fentanyl 1.0 microgramlkg. The results show no statistical or clinical difference in the onset, duration, quality of pain relief, or side-effects between the two solutions.
is fully developed, which occurs after two to three hours. 5 In accord with this time frame, this trial was designed to investigate whether the addition of fentanyl to lignocaine 2% with adrenaline would shorten the onset time and enhance the quality of intra-and postoperative analgesia. METHODS Thirty boys (ASA physical status I) scheduled for circumcision for the treatment of phimosis were allocated to one of two groups using random numbers by an anaesthetic colleague in an adjacent theatre. One group of patients received a caudal injection of lignocaine 2% and adrenaline 1 :200,000 (Astra Pharmaceuticals) using a dose of 1.0 ml per year of age (up to a maximum dose of 5 mg/kg) plus normal saline 0.01 mllkg. 6 The other group received an identical local anaesthetic dosage using the same age-related volumes plus fentanyl 1.0 microgram/kg (0.05 mg/ml, Janssen Pharmaceuticals) substituted for the normal saline. This study was approved by the Faculty of Medicine Ethics Committee (HKU) and signed, informed consent was obtained from the parents of all the children. Children were specifically excluded if there was a history of asthma or allergies, a previous adverse anaesthetic experience, halothane anaesthesia within the last month, hepatic, renal, respiratory, cardiac, haematological or metabolic disease, mental retardation or if under one year of age. Routine monitoring devices included an ECG, blood pressure cuff, pulse oximeter (Datascope 20001 and Datascope Accusat) and a precordial stethoscope.
On the day of operation all patients received trimeprazine 3 mg/kg (to a maximum of 90 mg) and atropine 0.02 mg/kg by mouth and 2 grams of EMLA emulsion cream (Astra Pharmaceuticals), containing lignocaine 25 mg/g and prilocaine 25 mg/g, applied to the dorsum of the left hand approximately two hours before operation. In the operating suite, a 24-gauge cannula (Jelco) was inserted into the vein underlying the EMLA pretreated area. Procaine HCl (2%) 1 mg/kg was injected intravenously followed by induction of anaesthesia with propofol 2.25 mg/kg. Anaesthesia was maintained with halothane 1 % in nitrous oxide 70% in oxygen. The same anaesthetist then administered a blinded caudal injection of one of the two freshly prepared solutions to all the patients in the study. Thereafter, anaesthesia was continued with the patient spontaneously breathing nitrous oxide 70% in oxygen with halothane 0.5% delivered by a Mapleson F breathing system until a dressing was applied to the penis.
The sedative effectiveness of the premedication on arrival of the patient in the operating suite was assessed, categorised and recorded as one of the following: agitated or crying; aware and apparently anxiety-free; drowsy; asleep but responsive to command ( Table 1 ). Intraoperatively the following were recorded: pain on cannula insertion, hand withdrawal on injection of propofol, presence of unwanted muscular activity associated with propofol induction, duration of anaesthesia, time from caudal insertion to prepuceclamping, duration of surgery, and semipurposeful movement or laryngospasm associated with clamping the prepuce. Respiratory rate, systolic blood pressure, pulse rate and haemoglobin oxygen saturation were recorded pre-induction, five minutes after caudal insertion, fifteen seconds after prepuce division and then at 2, 5 and 10 minutes.
Postoperatively these cardiorespiratory data were also recorded at fifteen-minute intervals in recovery and at hourly intervals for the first eight hours after the child was discharged to the ward. Also recorded in recovery was the awakening time (elapsed time from the discontinuation of general anaesthesia in the operating room until spontaneous eye-opening in recovery), the time until the patient could identify himself and the reaction of the patient to a cold pack placed against the skin over the sensory distribution of L1 (groin), T 1 0 (umbilicus) and T7 (xiphisternum). A structured observation scale of the patients' behaviour ( Table 2 ) was recorded in recovery and in the ward, and the relative efficacies of the two regimens assessed by measuring the duration of time the patients were pain-free after surgery, as reflected by the time elapsed before the first dose of analgesic, and the frequency of analgesic administration. The incidence of pain on first micturition postoperatively, pain on penile dressing change at four and eight hours, urinary retention, nausea and vomiting, pruritis and a respiratory rate less than 10 per minute were noted ( Patients and operative data. Thirty boys were studied; fifteen were randomly allocated to each group. As summarised in Table 4 , the mean body weight of the fentanyl treated group (group F) was significantly less than the lignocaine without fentanyl group (group L). The mean age of the two groups showed a similar pattern, though not statistically significant. However, the anaesthetic time, surgical time, and time to prepuce clamping *Total numbers in brackets Chi-square (Yates' Corrected) analysis demonstrates no significant difference between the groups in regard to postoperative behaviour scores or paracetamol elixir administration.
were almost identical and there was no statistically significant difference in the premedication effectiveness scores of the two groups nor the mean induction dose of propofol. Induction of anaesthesia. Only one child of the thirty cried on intravenous needle insertion through the EMLA pretreated skin on the dorsum of the hand. Induction with propofol caused hand withdrawal in only two out of the thirty patients following prior intravenous injection of 2% procaine hydrochloride. However, 36% of the patients demonstrated unwanted muscular activity following propofol injection.
Caudal effectiveness. Fewer patients moved on prepuce-clamping in the fentanyl-treated group. However, there was no difference between the two groups of patients with respect to the changes in respiratory rate, blood pressure or pulse rate from pre-clamp levels ( Table 5 ). No patient developed laryngeal stridor on clamping. Thermal sensory loss was statistically more significant in the fentanyl treated group over the Ll and T1 0 dermatomes (X 2 analysis with log linear modelling to control for age and weight, P < 0.05 being significant).
Recovery from anaesthesia.
There was no significant difference between the two groups as to the time taken for the patients to spontaneously open their eyes, nor to identify themselves by giving their name. Mean time to eye-opening for group F occurred after 35.3 minutes (SD 22.1) and identification after 37.5 minutes (SD 23.1), compared with group L, whose mean eye-opening time was 30.5 minutes (SD 12.7) and time to identification was 34.3 minutes (SD 13.3).
Pain assessment.
There was no statistical difference demonstrated between the groups in regard to the number of episodes of crying, the number of patients who cried, the frequency of analgesic administration, the time to first administration of analgesia, the incidence of pain on dressing change at four hours, nor the incidence of pain on first micturition postoperatively.
Complications. No child in the first twentyfour hours postoperatively had a recorded respiratory rate less than ten breaths per minute, showed any evidence of pruritis, vomited or had urinary retention. DISCUSSION This study shows that the addition of fentanyl 1 microgram/kg to lignocaine 2% with adrenaline 1 :200,000 placed in the caudal epidural space appears to convey no benefit with regard to intra-or postoperative analgesia in the child undergoing circumcision. However, the addition of the opioid fentanyl does not significantly extend the duration of recovery nor is it associated with an increased incidence of complications. Interestingly, White's postulate that the pain of circumcision postoperatively appears slight after the initial two to three hours is supported by our postoperative pain data ( Table 2) . 5 Nursing staff administered paracetamol elixir postoperatively to 43% of the children in this study. Twenty-six per cent of the study group complained of pain on first micturition post surgery and only 10% of patients complained of pain at the four-hour penile dressing change.
The two groups are comparable in regard to the effectiveness of premedication, however the long half-life of trimeprazine and the relative somnolence of the majority of our patients preoperatively may have influenced postoperative pain assessment. The shortacting agents propofol, lignocaine and fentanyl were deliberately chosen in an attempt to expose a possible benefit of the epidural opioid. Propofol has a limited place in the induction of children using peripheral veins without prior intravenous administration of a local anaesthetic agent. Procaine hydrochloride proved very satisfactory in this series because of its fast onset of venous anaesthesia and its short halflife, being rapidly hydrolysed by serum cholinesterase to diethyl-amino-ethanol and para-aminobenzoic acid. 7 Unfortunately the double-blind nature of the study allowed the introduction of some bias with regard to age and weight comparison between the two groups of patients. This was not important for the majority of data comparisons as the P value was near 0.5, and for the statistically significant results, age and weight were controlled for by using log linear modelling.
Celleno arid Caponga showed that the addition of fentanyl 100 microgram to bupivacaine 0.125% for extradural analgesia in labour not only reduced the incidence of incomplete analgesia but significantly increased the quality of analgesia. 4 No such improvement was seen in this series which was thought to be due to the smail dose of fentanyl used, combined with a masking of effect by the 2% concentration of lignocaine and the use oftrimeprazine as a premedicant.
The high concentration of lignocaine was specifically chosen to shorten anaesthesia latency as much as possible and allow surgery to proceed without the time constraints imposed by thecaudal procedure. We found during the pilot study that clamping of the prepuce before eight minutes post caudal insertion was associated with an unacceptable incidence of motor activity, and addition of fentanyl to the caudal solution demonstrated a clinically insignificant reduction in the rate of onset of anaesthesia. It is perhaps worth noting the total dose of local anaesthetic administered to the children during the two and a half-hour perioperative period. All patients received EMLA cream (lignocaine 50 mg and prilocaine 50 mg), procaine hydrochloride 1.0 mglkg intravenously prepropofol, followed by a caudal injection of up to 5 mglkg of lignocaine with adrenaline. Duggan et al. have shown that the quality of block is mainly determined by dosage, and that concentration tendencially shortened by the time of onset. 8 Rucci et al. showed that mixtures of bupivacaine and fentanyl prolonged the blockade only when high dose fentanyl 3 microgram/kg was used. 9 Welchew demonstrated that both the duration and intensity of pain relief were increased as higher doses of fentanyl were added to lignocaine 1 % given epidurally, up to a maximum of 10 microgram/kg, and the addition of adrenaline 1 :200,000 appeared to enhance the effects of the weakest solutions. 10 However, the administration of high-dose epidural fentanyl to our patients during the pilot study produced unacceptably prolonged awakening times in recovery. More rapid awakening and pain-free recovery are the claimed advantages of caudal anaesthesia,11 the former being removed by the addition of high-dose fentanyl.
The only statistically significant finding of the study was that thermal sensory loss to cold over the L1 and TlO dermatomes was more frequent in the fentanyl group. All patients on awakening in recovery appeared pain-free and if thermal sensory loss is interpreted as evidence of a better quality block, then it was clinically unimportant, as observers were unable to distinguish between the two groups of patients in regard to pain-relief, comfort or incidence of complications.
In summary this study shows that although the addition of caudal fentanyl appears to convey no benefit to the patient, this method of anaesthesia for circumcision is very acceptable because of the pain-free intravenous induction, lack of conventional evidence of sympathetic nervous system stimulation with prepuce removal, and the provision of high quality postoperative analgesia without vomiting or delayed micturition.
